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Supplementary Results 

 

Method PKS I NRPS PKS II Lanthipeptides NIS TOMM 
Extrapolation 8194 5757 1620 620 544 414 
Chao 1 8299 5766 1654 621 478 413 
ACE 8506 6190 1084 768 546 468 

 

Supplementary Table 1 Estimated numbers of GCFs encoded by Actinobacteria 

This table shows estimates from all three methods used on the same data for estimating the total 

number of gene clusters families. Extrapolation was performed out to 15000 genomes sampled, 

whereas Chao1 and ACE estimates are for the total number in each class based on the provided 

data. All methods were employed in the program estimateS 1. These estimates only apply to the 

Actinobacteria. 

 

  



Method PKS I NRPS PKS II Lanthipeptides NIS TOMM 
Extrapolation 7527 4421 1373 492 403 355 
Chao 1 7550 4431 1376 493 404 355 
ACE 7715 5176 924 607 337 422 

 

Supplementary Table 2 Estimated numbers of GCFs encoded by NP-rich Actinobacteria 

This table shows estimates from all three methods used on the NP-rich genomic data for 

estimating the total number of gene clusters families. Only genomes found in Figure 1 between 

and including Streptomycetales to Pseudonocardiales are used to reduce any potential bias 

introduced by taxa not typically used for natural product discovery. Extrapolation was performed 

out to 15000 genomes sampled, whereas Chao1 and ACE estimates are for the total number in 

each class based on the provided data. All methods were employed in the program estimateS 1. 

These estimates only apply to the subset of Actinobacteria described above. 

  



Compound UV max (literature) UV max (observed) 
Oxytetracycline 353 354 
Proferrioxamine D2 435 433 
Homononactyl nonactoate Not reported NA 
Benarthin 252 254 
Griseobactin 357 355 
Kirromycin 233 -- 
Actinomycin D 442 441 
Desertomycin A 223 225 
Pyridomycin 227 228 
Rimocidin amide Not reported NA 
Enterocin 250 247 
Chlortetracycline 224 226 
 

Supplementary Table 3 UV data to confirm mass-based compound identifications 

Compounds identified via accurate intact mass were confirmed by comparing experimental UV 

absorption data to published literature values obtained from Dictionary of Natural Products. 

Kirromycin was present in only one strain, and co-eluted with several other high abundance 

species, so UV absorption data could not be obtained for this compound.  

 

  



 

Supplementary Figure 1 The network of NRPS gene clusters 

Each node in the network represents one gene cluster, edges are created based on automated 

scoring and manual curation, and a gene cluster family is defined as all gene clusters that can be 

connected by a path of any length. Node colors are based on density-based clustering. Gene 

cluster diagrams for each family can be accessed via the associated website 

(www.igb.illinois.edu/labs/metcalf/gcf) by clicking on the indicated node. To access the gene 



cluster diagrams, simply proceed to the biosynthetic class of interest through the Class dropdown 

menu. The Cytoscape networks described above are interactive, and clicking on any node opens 

a gene cluster diagram including all gene clusters in a GCF. All homologous genes present are 

highlighted on mouseover of any member of the homology group. The amino acid sequence can 

be accessed by clicking on any gene as well as a link to BLAST the same sequence. Boilerplate 

HTML5 was used for the creation of the site, including a template from: 

http://twitter.github.com/bootstrap/examples/hero.html.  



 

Supplementary Figure 2 Similar structures grouped into a GCF 

Similar polyketides associated with NPGCs in (a) PKS_I_90, (b) PKS_II_49, and (c) PKS_I_1. 

 

  



 

Supplementary Figure 3 GCF conservation across phylogenetic distance 

GCF conservation is shown plotted against ribosomal protein distance for (a-c) every pair of 

natural product rich genomes between Streptomycetales and Pseudonocardiales in Figure 1a or 

(d-e) every pair of Mycobacterium genomes. Conservation of (a) type II PKS cluster, (b) 

lanthipeptide, and (c) TOMM, (d) NRPS, and (e) type I PKS GCFs plotted against ribosomal 

protein distance. 

 

  



 

Supplementary Figure 4 Comparison of ribosomal protein and MLST evolutionary rates 

Pairwise ribosomal protein amino acid distance is calculated based on identity and plotted 

against the nucleotide distance for the five gene multilocus sequence typing data set used for 

Streptomyces phylogenetic systematics. The legend on the right shows the color corresponding to 

the number of counts in each square. The dotted line goes through the intercept and has a slope 

of 1. The equation for the best fit line (solid) is shown. Multiple studies have shown that the 

species cutoff in Streptomyces is slightly less than 1%, from 0.7-0.8% 2-4. The lines 

corresponding to 1% difference in sequence for each data set are shown as dashed lines. 

 

  



 

Supplementary Figure 5 Representative spectra from tandem MS compound identification 

High resolution MS/MS spectrum of compound identified as (a) actinomycin G6, (b) 

desertomycin A, (c) oxytetracycline, and (d) nocardamine. Fragment ions in red are consistent 

with those predicted for each compound. Masses of predicted and observed fragment ions are 

listed below.  



 

Supplementary Figure 6 The desertomycin biosynthetic gene cluster 

(a) The predicted desertomycin biosynthetic gene cluster found through correlation of GCF and 

MS data. P021 is the locus tag for Streptomyces alboflavus NRRL B-2373. The domains found 

by pHMM are shown above the modular polyketide synthase genes. Two separate contigs from 

Streptomyces alboflavus NRRL B-2373 are included in gene cluster family PKS_I_18. It is 

possible that there is a missing piece of this cluster that was not assembled due to the draft status 

of the genome assembly. (b) The structure of desertomycin A is shown along with the predicted 

product of the gene cluster provided by antiSMASH 5. The prediction was performed based on 

the concatenated nucleotide sequences of both clusters in the order of P021_32-P021_22.  

 

 

  



Supplementary Data Set 1 A spreadsheet that lists the locus tags and corresponding organism for 

each genome in this study. 

 

Supplementary Data Set 2 All gene cluster families that have at least one characterized natural 

product are listed in this Excel spreadsheet. The first column is the gene cluster family 

designation. The second column is the assigned cluster ID. Both of these are the same as found 

in Supplementary Data Set 1. The third column is the strain in which the gene cluster was found. 

For characterized gene clusters from Genbank, the title of the Genbank entry is given. 

 

Supplementary Data Set 3 A spreadsheet containing raw MS data for the known compounds 

identified in this study. Each genome (column) is identified by the corresponding locus tag 

prefix, and each compound (row) is identified by common name, retention time and mass-to-

charge ration (m/z). Each data cell contains the detected intensity of the given compound in the 

corresponding strain. 
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Supplementary Note 

The following characterized biosynthetic gene clusters were grouped together into gene cluster 

families (references are given where similarities of the compounds are discussed, all others are 

shown in Supplementary Figure 2): A-500359s, A-503083 1; C-1027, neocarzinostatin, 

maduropeptin 2; zorbamycin, bleomycin, tallysomycin 3; triostin, thiocoraline, SW-163 4; 

myxothiazol, melithiazol (in PKS I and NRPS networks) 5; FK506 (2 clusters), FK520 (in PKS I 

and NRPS networks) 6; balhimycin, teicoplanin, A40926, A47934 7; oligomycin, meilingmycin 

(Supplementary Fig. 2); herbimycin, geldanamycin (3 clusters) 8; jerangolid, ambruticin 9; BE-

14106, ML-449 10; compactin, monacolin K 11; nigericin, nanchangmycin 12; megalomycin, 

erythromycin 13; dihydrochalcomycin, anglomycin; AHBA (2 clusters), rifamycin 14; NPP, 

amphotericin, pimaricin (3 clusters), heptaene macrolide from Streptomyces sp. FR-008, nystatin 

(Supplementary Fig. 2); lysolipin, rubrinomycin, griseorhodin 15; saquayamycin Z, 

simocyclinone (2 clusters), landomycin (Supplementary Fig. 2); ravidomycin, chrysomycin 16; 

anabaenopeptin (2 clusters); phosphinothricin tripeptide (2 clusters); nostopeptolide (2 clusters); 

microcystin (3 clusters, in PKS I and NRPS networks); AM-toxin (3 clusters); glycopeptidolipid 

(2 clusters, in PKS I and NRPS networks); epothilone (4 clusters, in PKS I and NRPS networks); 

tautomycetin (2 clusters); cylindrospermopsin (2 clusters); pyoluteorin (2 clusters); pactamycin 

(2 clusters); fumonisin (2 clusters); lasalocid (2 clusters); lactonamycin (2 clusters); 

aclacinomycin (2 clusters); SapB (2 clusters); microcyclamide (2 clusters); pyrrolomycin (2 

clusters); siomycin, thiostrepton 17; nocathiacin, nosiheptide 18; pacidamycin, uridyl peptide 

antibiotic from Streptomyces coeruleorubidus strain AB1183F-64 19. 
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